Purpose. To evaluate the diagnostic value of magnetic resonance imaging (MRI) in thoracic outlet syndrome (TOS). Methods. Medical records of 30 women and 10 men aged 18 to 68 (mean, 38) years who presented with unilateral (n=35) and bilateral (n=5) TOS and underwent 42 surgical decompressions of the right (n=23) and left (n=19) sides were reviewed. MRI findings were compared with intra-operative findings to evaluate the diagnostic value of MRI. Results. MRI findings correlated poorly with intraoperative findings. Of the 42 cases, MRI and intraoperative findings were matched in 17 and not matched in 25. MRI appeared normal but intraoperative findings were in fact positive for TOS in 23 of 24 cases. The sensitivity and specificity of MRI in diagnosing TOS were 41% and 33%, respectively, whereas its positive and negative predictive values were 89% and 4%, respectively.
introduction Thoracic outlet syndrome (TOS) is characterised by vascular, neurological, or combined symptoms secondary to compression of the brachial plexus or subclavian vessels. [1] [2] [3] It can occur in any age-group but most commonly in the age-group of 20 to 40 years; it occurs predominantly in females (with a ratio of 4:1). 4 The thoracic outlet extends from the cervical spine to the lower border of the minor pectoral muscle, and includes the interscalene space (between anterior and middle scalene), the costoclavicular space (between the outer border of first rib and clavicle), and the retropectoralis minor space (between pectoralis minor and subscapularis). The brachial plexus and subclavian vessels pass through these spaces during their anatomic course. 3, 5 Diagnosing TOS is challenging and involves history, clinical examination with provocative test, radiography, electromyography, arteriography, ultrasonography, computed tomographic angiography, and magnetic resonance imaging (MRI). 3, 4 MRI is the investigation of choice because it is non-invasive and non-ionising, and enables softtissue contrast. 6 This study aimed to evaluate the diagnostic value of MRI for TOS.
MATERIALS AND METHODS
Medical records of 30 women and 10 men aged 18 to 68 (mean, 38) years who presented with unilateral (n=35) and bilateral (n=5) TOS and underwent 42 surgical decompressions of the right (n=23) and left (n=19) sides between 1997 and 2011 were reviewed. None had any vascular symptoms. The mean duration of neurological symptoms was 49.5 (range, 4-360) months.
Radiographs of the cervicothoracic junction revealed cervical ribs or elongated transverse processes in 15 patients. STIR coronal and axial, T1-weighted coronal, sagittal (neutral and 90º of abduction), and axial views of MRI were obtained by a musculoskeletal radiologist using a 1.5T scanner. Thicknesses of slices for coronal, sagittal, and axial views were 3 mm, 3 mm, and 4 mm, respectively. MRI findings were normal when no structural cause of TOS could be identified.
Surgical decompression of TOS involved resection of abnormal structures based on intra-operative findings by 4 peripheral nerve consultants. Active movement was encouraged during the immediate postoperative period. Patients were followed up at week 2 and at 3-to-6-month intervals thereafter.
MRI findings were compared with intra-operative findings to calculate the sensitivity, specificity, and positive and negative predictive values of MRI.
results
MRI findings correlated poorly with intra-operative findings. Of the 42 cases, MRI and intra-operative findings were matched in 17 and not matched in 25 (Table 1) . MRI appeared to be normal but intraoperative findings were in fact positive for TOS in 23 of 24 cases. One patient was true negative whose MRI and intra-operative findings were normal (no structural cause of TOS could be identified); the patient had symptomatic improvement after neurolysis of plexus. 16 cases with matched MRI and intra-operative findings were true positive. 23 cases with normal MRI findings but positive intra-operative findings were false negative. Two cases with positive but unmatched MRI and intra-operative findings were false positive who did not report symptom improvement.
The sensitivity and specificity of MRI in diagnosing TOS were 41% and 33%, respectively, whereas its positive and negative predictive values were 89% and 4%, respectively ( Table 2) .
Surgical decompression achieved symptomatic improvement in 38 patients; one patient with accessory scalene and another with scissoring of the first rib and clavicle did not report improvement. None had any intra-or post-operative complications (neurovascular injury, infection, and recurrence) after a mean of 2 years.
discussion
Depending on the structure compressed, symptoms of TOS may be neurogenic, vascular, or mixed. Neurogenic symptoms are common with incidence of 90% to 95%, whereas vascular symptoms occur in 5% to 10% of patients. 4, 7, 8 Pure neurogenic TOS with defined neurophysiological deficit and motor weakness is more uncommon. 9 In our series, all patients had neurogenic symptoms but none had vascular symptoms. Compression of the plexus and neurovascular structures may be static, dynamic, or both. 5 Symptoms of TOS are wide-ranging and include pain, numbness, tingling, weakness, Raynauds phenomenon, deep vein thrombosis, and unilateral headache. Symptoms are usually worsened with overhead activity suggesting dynamic and positional components. 4 Neurogenic compression is equally common in the interscalene and costoclavicular spaces, whereas vascular compression is most common in the costoclavicular space. 4 Cervical rib, long transverse process, congenital fibrous band, insertion anomalies, accessory muscle, post-trauma scarring, and exostosis or callus around the clavicle are common causes. 4 Diagnosing TOS is challenging. First, TOS symptoms mimic pathologies such as cervical disc disease, carpal tunnel syndrome, cubital tunnel syndrome, various shoulder pathologies, and systemic inflammatory and skeletal pathologies. Second, TOS symptoms are often positional and related to activity over time and thus reproducing the dynamic symptoms in clinic can be difficult. Provocative tests 10 Third, the use of radiography, electromyography, ultrasonography, computed tomography, MRI, and/ or angiography cannot reliably exclude the diagnosis of TOS. [11] [12] [13] [14] A cervical rib can be present in 1% of the normal population but is not specifically indicative of TOS. 4 Diagnosis should be made by exclusion. MRI is the diagnostic tool of choice owing to good-quality images of soft tissues and non-ionising nature. 6 It can identify muscle hypertrophy, abnormal muscular attachments, fibrous bands, and accessory muscles, 6 but it is highly dependent on the skill and experience of the radiologist. In our study, 4 patients with identifiable structural abnormalities on radiographs (taken elsewhere) were reported to have normal MRI.
This could be due to the radiologist not correlating radiographic with MRI findings and poor resolution of bony abnormalities on MRI. A diagnosis of TOS is made when the fat surrounding the plexus disappears or when there is close contact between the plexus and surrounding bony structures. 4 Nonetheless, thin patients have very little fat and some of the MRI positive findings may be seen in normal population. 5 Thus, meticulous history and clinical examination are needed. Although MRI is the investigation tool of choice for TOS, its sensitivity and predictive values were low.
Limitations of this study included the small sample size and its retrospective nature. There was inherent selection bias in that only patients with preoperative MRI were included. A prospective study with larger number is desirable.
conclusion Sensitivity and specificity of MRI in diagnosing TOS are low. Diagnosis should be based on a holistic approach including history, clinical examination, and radiological findings.
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